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1 Overview

1.1 Introduction

Project X isa concept for an intense 8 GeV proton source that provides beam for the
Fermilab Main Injector and an 8 GeV physics program. The source consists of an 8 GeV
superconducting linac that injects into the Recycler where multiple linac beam pulses are
stripped ad accumulated. The 8 GeV linac consists of a 1 GeV front end based on the design of
the Proton Driver. The high energy end of the linac consists ofikeCcryomodules. The use of
the Recyler reduces the required charge in the superconducting 8 Gellmatch the chge
per pulse of the ILC design so that much of the ILC technology can be used in the design. This
document is not meant to be a design report bunisvarview of the basic concept and a
discussion of the major accelerator physics issues that arise in this concept.

1.2 Motivation

The Fermilab Main Injector has the potential to provide intense energetic proton beams
that can unlock discovery opportunities mneutrino physics and flavor physicurrently, the
relativelymodern Main Injector is fed protons bypaged proton source. This source consists of
a 400 MeV Linac followed by a rapid cycling 8 GeV Booster synchroffais source limits the
Main Injecor beam power to less than 700kW at 120 GeV. Future neutrino experiments will
most likely require beam power exceeding 2MW at energie®) ¢éeV and abovelo provide
this type ofintense beam, the proton source must be capable of providing 400kW aG#é 8
injection energy of the Main Injector. The current Fermilab proton source provides on the order
of 30kW for the current neutrino program and has the capability of providingAQk.

Space chargaine $ift at injection into the Booster linstthe leam power in the current
Fermilab proton source. If the rapid cycling synchrotron is replaced with a linac, then space
charge issues that plague the current Booster are almost completely mifitgded.one of the
chief motivations of the Fermilab PratdDriver design.The major issue of aB GeV injector
linac is cost. Traditionally, the economic crossover energy at which a synchrotron becomes more
costeffective than anormal conductinginac has been in the range 0.1 ~ Gé&V. As argued in
the ProtonDriver Design Repott the economic crossver point is raised to the few GeV range
with the advent of superconducting RF technology

The superconducting 8 Ge\inlac described in the Proton Driver Design Repaonerges
design concepts and technology froine ILC, the Spallation Neutron Source (SNS), the Rare
Isotope Accelerator (RIA), JPARC, and other SCRF projects. The last two thirds of the linac
consists of ILC type cryomodules and cavities operating at 1300 Whdzfront end of thenac
consists mosf of spoke resonators operating at 325 MHz which is % of the ILC frequency.

In the Proton Driver design, the beam from theliHac injects directly into the Main
Injector where the Hions are stripped and captured in 53 MHz RF buckets. The 53 MHz
bunches are prdéormed in the linac with a fast chopper. To provide 2MW of beam power at 120
GeV for a 1.4 second Main Injector ramp, the total charge injected into the Main Injector must
be greater than 1.45xT0protons. Since the beam is stripped in the Majactor, the 8 GeV
linac has to fill the Main Injector in a single pulse. If the pulse length is 1 ms (nominal ILC pulse
length), the 8 GeV linac has to support an average current of 23mA over the 1mS pulse.



One of the key features of tlseperconductip 8 GeV linads the synergy it shares with
the ILC design. Howevesince the average beam current in the ILC design is 9 mA over a beam
pulse length of 1 mShe required charge per pulsethe Proton Drivedesignis a factor of 2.6
times larger than the nominal IL€harge per pulsdBecause of this substantial difference in the
charge per pulsehe design of the crymodules, the RF distribution system, and the cryogenic
system could besignificantly different between the ILC and éhhigh energy end of the
superconducting 8 Gelfhac. For example,te ILC design calls for one klystron every three
cryomodules. For the high energy end of superconducting 8 GeV linathe Proton Driver
design would then require one Kklystron for everyomodule Or, if the average beam currant
the superconducting 8 GeV linas reduced to the ILC design current of 9 mihe RF
distributionin the high energy end of the superconducting 8 GeV le@add be the same as the
ILC butthe beam pulse letigwould be a factor of 2.6 times longer than the nominal ILC pulse.

It is desirable to have the ILC and the high energy end a$uperconducting 8 GeV Linac
designs to be as similar as possible. Synergy in the designs would help in both direastns. Fi
the superconducting 8 GeV linawould benefit from the enormous engineering effort being
expended on the design of the ILC main linac. In addition, cost savings resulting from
industrialization, technological advances, etc. developed for the ILC watigally be taken
advantage oih the superconducting 8 GeV lindesign.

In the other direction, ILC industrialization would benefit greatly from the constructian of
superconducting 8 GeV linadhe ILC industrialization profile outlined in the RDRills for
each region talouble production capacity over a four year program ending witipacity to
produce 25 cryomodules per yeatrthe end of the fourth yeaffter four years, each region
would have produced over 45 cryomodules. The high energpfetheé superconducting 8 GeV
linac requires about forty ILdike cryo-modules. Thus, construction of tBaperconducting 8
GeV linaccould serve as the impetus for ILC industrialization with the added bonus of providing
a strong physics program with reaabvery potential.

1.3 Concept

Because of the relatively long Main Injector ramp, the Proton Driver design can be modified
so that the charge per pulse propagated though the superconducting 8 GeV linac matches the
charge per pulse of the ILC. the originalProton Driver desigrnthe 8 GeV Linadills the Main
Injector in a single pulse and then remains idlging the Main Injector ramp cycleThe
duration of the Main Injector ramp is about 1.4 secdndgach an energy of 120 GeN'the 8
GeV linac operate at the same cycle rate as the ILC design of 5 Hz, then the 8 GeV linac can
support seven pulses during the Main Injector ramp.

As an alternative to the original Proton Driver designumber of thesbeam pulses from
the 8 GeV linacould instead bdirectedinto the Recycler ring whereach pulsés stripped and
accumulatedwvhile the Main Injector is ramping. After the Main Injector ramp returns to the
injection energy, the beam accumulated in the Recycler can be transferred into the Main Injector
Because the Main Injector and the Recydiavethe same circumference, the beam can be
transferredn a single turnUsing threeof 8 GeVlinac pulses to fill the Recycler would reduce
therequired charge per linac pulseeded for 2MW at 120 Getéd bebw the design value of the
ILC charge per pulsé schematic of the concept is showrFigurel.1.

Another very attractive feature of the 8 GeV linsithe large amount of 8 GeV beam power
availableas compared to an 8 GeV synchrotron. If the 8 GeV linac is designed for 9 mA of
average beam current over a 1mS beam pulse length, with a cycle rate of 5 Hz (ILC parameters),
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the 8 GeV linac can provide GBW flux of protons at 8 GeWfFigure 1.2 shows the proton flux
capability of the 8 GeV linac compared to present performance and other possiblal-ermil
proton source upgradeBecause a 120 GeV Main Injector cycle only needs three of the seven
available 8 GeV linac pulses to provide over 2 MW at 120 GeV, the other four linac pulses can
be usedto provide beam to other 8 GeV physics prograifiies.providebeam to these other
programs, a additional extraction system separate from the single turn extraction system used to
feed the Main Injector would be required in the Recycler.

L. _ 120 GeV fast extraction spill
8 GeV extraction 1.5x 10" protons/1.4 sec

1 second x 2.25 x 10 protons/1.4 sec P MW

200 kW

Main Injector
1.4 sec cycle

3 linac pulses/fill
8 GeV H- Linac
O9mAXx |l msecx 5 Hz

Stripping Foil Single turn

transfer (@ 8
GeV

0.6 GeV 0.6-8 GeV ILC
Front End Style Linac
Linac

Figure 1.1 Schematic of an 8 GeV Linac and a Proton Accumulator

Figure 1.2 8 GeV Proton flux for various proton sources
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